In this study, a novel blended state estimated adaptive controller is designed for voltage and current control of microgrid against unknown noise. The core feature of the microgrid (MG) is its ability to integrate more than one distributed energy resource into the main grid. The state of a microgrid may deteriorate due to many reasons, for example malicious cyber-attacks, disturbances, packet losses, etc. Therefore, it is necessary to achieve the true state of the system to enhance the control requirement and automation of the microgrid. To achieve the true state of a microgrid, this study proposes the use of an algorithm based on the unscented kalman filter (UKF). The proposed state estimator technique is developed using an unscented-transformation and sigma-points measurement technique capable of minimizing the mean and covariance of a nonlinear cost function to estimate the true state of a single-phase, three-phase single-source and three-phase multi-source microgrid system. The advantage of the proposed estimator over using extended kalman filter (EKF) is investigated in simulations. The results demonstrate that the use of the UKF estimator produces a superior estimation of the system compared with the use of the EKF. An adaptive PID controller is also developed and used in system conjunction with the estimator to regulate its voltage and current against the number of loads. Deviation in load parameters hamper the function of the MG system. The performance of the developed controller is also evaluated against number of loads. Results indicate the controller provides a more stable and high-tracking performance with the inclusion of the UKF in the system.
I. INTRODUCTION
In this modern era of technology, the energy crisis and global warming are arguably the most significant issues the world is facing. These issues continue to lead the world to disaster due to the extreme use of oil and coal via typical energygeneration plants. The use of oil and coal is the chief cause of greenhouse gas emission and, thus, the reason for the disasters that ensue [1] - [3] . These energy resources are finite and depleted daily due to increasing demands associated with energy consumption. To attempt to overcome this critical The associate editor coordinating the review of this manuscript and approving it for publication was Giambattista Gruosso . issue, the microgrid concept was introduced. Microgrid technology is an alternative way of producing electric power using distributed energy resources (DERs) like fuel cells, wind turbines, PV arrays and bio-gases [4] , [5] . Nowadays, this concept is applied regularly as it involves substantial utilization of renewable energy resources [6] - [8] . Fig. 1 represents a schematic of a commonly used microgrid system. The optimal performance of a microgrid depends on the DER unit. The DER unit is largely used due to its capacity to lessen the use of non-renewable energy resources and, hence, assist in solving the issues associated with energy consumption. This unit also mitigates the emission of methane, carbon dioxide and various oxide gases, VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ in turn reducing the amount of greenhouse gas in the atmosphere [9] - [11] . The proper functioning of DERs depends on various circumstances like wind speed, and solar strength and capacity (among many other factors). Malicious cyberattacks, packet losses and disturbances may cause variation in factors impacting DERs, introducing noise into the system [12] - [14] . To achieve the best possible outcomes and performance, it is necessary to filter out such noise from the state of the system.
A. MOTIVATION AND INCITEMENT
In this paper, a novel blended state estimated adaptive controller is designed for the control of voltage and current of microgrid (MG). The underlying motivation for this study is to estimate the true state of a microgrid against unknown input and measurement noise. Noise may develop due to an insecure state when voltage and line currents exceed their operational constraints and the power system is still running. This incorrect measurement degrades the microgrid performance from the desired response. To get rid of this problem, the unscented kalman filter (UKF) is designed for estimating the microgrid parameters. Remark 1: In this work, UKF is used over EKF since, for a nonlinear system, EKF uses Taylor series expansion and Jacobian matrix for linearizing the system which takes more complex calculation in account and when the system is highly nonlinear, it may diverge. Moreover, EKF only considers the mean of the Gaussian for linearizing the system. To overcome these limitations, UKF technique comes in handy as it uses unscented transformation (UT) that includes sigma points of 2K + 1, including the mean of the Gaussian, where K is the dimension of the system. These sigma points helps to achieve better approximation when the system is highly nonlinear.
The performance of a microgrid can also be compromised under the condition of unknown parameters. These unknown parameters can often be the product of various load dynamics and faults. To minimize these unknown parameters and achieve a high-tracking performance, an adaptive PID controller is designed and integrated along with the UKF.
Scientists are currently working to propose various methods that may filter out this noise then estimate the actual state of the microgrid. Hence, this actual state is used to control the voltage and current efficiently. Accordingly, many filtering algorithm based control strategies were discussed in the earlier literature to estimate this state and control the voltage and current of the grid.
B. LITERATURE REVIEW
The weighted least squares (WLS) estimation method has often been adopted for estimating the state of the microgrid. This method works based on the generalizability of linear regression and ordinary least squares, in which the error covariance matrix differs from the identity matrix, thus minimizing the sum of the squares of the weighted residuals [15] . The major drawback of this WLS algorithm is that it fails to converge the solution due to numerically ill-conditioned gain matrix. This divergence limits the algorithm in terms of its poor estimating the system state, ultimately limiting the use of the WLS method [16] .
The extended kalman filter (EKF) is a very popular method in calculating the state estimation of nonlinear systems. This method simultaneously estimates the state of a dynamic system along with its parameters [17] . The propagation of the Gaussian random variable (GRV) is a vital operation in estimating the state. The state distribution in the EKF is approximated using a GRV, which may produce plenty of errors into the true posterior covariance and mean. Moreover, when the system is extremely nonlinear, the EKF does not have the capability to estimate correctly. To overcome this disadvantage, the EKF requires linearized system parameters, which are created using the Jacobian calculation [18] .
The distributed kalman filter (DKF) gives a reliable solution for the tracking of the true state in a linear system. This method consists of micro-Kalman filters and also involves a low-pass and band-pass filter [19] , [20] . The DKF requires all measurement models to be known; however, it is often very difficult to know all the measurement models. Furthermore, global information is required from the state-error covariance matrix that makes the computation more complex.
The particle filter (PF) is another commonly used estimation algorithm employed in microgrid state estimation. This algorithm was developed for non-Gaussian, as well as nonlinear, systems [21] , [22] . Generally speaking, PF is a set of Monte Carlo algorithms in which probabilities are renewed depending on the changing weights and rates of the particles. Therefore, posterior-probability distributions are calculated based on the measurements of particle weights. However, greater computational complexity and poor performance in higher-dimensional spaces limit the application of the PF algorithm.
Least mean squares (LMS) is an iterative algorithm widely used for the state estimation of power systems to overcome the issues associated with the WLS method [23] , [24] . The gradient vector is It is an adaptive algorithm capable of estimating the gradient vector from available data. LMS makes successive corrections to the weight vector in the direction of the negative gradient vector to reduce the mean squares error. It is a relatively simple method because it does not require any calculations for a correlation function or matrix inversion [25] . The main drawback of this estimator is the need for tuning the step-size parameters involved in the calculation. The normalized least mean squares (NLMS) algorithm solves the problem of step-size parameters by normalizing the input signal and then variable step-size LMS algorithm is used to solve the problem of NLMS.
A number of methods have been established for controlling the voltage and current of the microgrid system by ignoring the effect of noise in the form of packet losses and disturbances. Noise may arise in the system due to packet losses, disturbances and cyber-attacks. This phenomena greatly reduces the stability of the microgrid and hence, a noise removing algorithm is needed to be integrated with the controller that will filter out the noise and will provide the actual state to the control unit.
H-infinity controller is a well known control technique used in microgrid for its robust performance and stability [26] , [27] . The design of the controller does not guarantee the estimation of noise. It brings robustness to the system with the inclusion of uncertainties. Norm minimizing technique is used to design such controllers. The higher degree control scheme is obtained to handle the higher degree system that makes sure the optimal function with the advanced digital signal processing (DSP) system. Lack of noise estimation and use of the DSP bounds the usage of this controller.
Model predictive control (MPC) technique is another renowned technique that has been applied for microgrid voltage and current regulation using a multi-variable control approach that incorporates the use of a dynamic system and optimizing receding prediction horizon [28] , [29] . The main feature of this technique is that it allows the current timeslot to be optimized while keeping future timeslots in an account. Lack of flexibility and uncertainty in the successful translation of mathematical model reduces the application of MPC controller. In addition, filter inclusion for estimating the state is a daunting task for this controller. As a result, noise reduction becomes more complex and may fail to some extent.
Linear quadratic regulator (LQR), designed by linearization technique, is an approach to achieve accurate operation of the microgrid system [30] , [31] . The LQR is developed using a mean value theorem. The LQR shows better performance against the parallel RLC networks connected to the grid [32] . Changes in plant dynamics reduces the robustness of the controller and limit the application of it.
C. CONTRIBUTION AND PAPER ORGANIZATION
This paper presents the design of a novel blended state estimated adaptive controller to improve the voltage and current profile for multi DG islanded microgrid against unknown loads and faults. The problem statement of voltage and current control of islanded microgrid has been extended to incorporate the effect of system noise in the form of packet losses and disturbances. Instead of achieving control design for nominal plant model of islanded microgrid such as presented in [33] , [34] , we propose a new problem statement incorporating the dynamics of system noises that models the perturbed microgrid at noisy operation for islanding mode.
In this work, we present the design of a novel blended state estimated adaptive control technique that firstly estimates the true state of islanded microgrid at noisy situations and provides extensive high performance control of voltage and current for such variations of plant dynamics of the microgrid. The effectiveness of the proposed technique is demonstrated for multi DGs islanded microgrid against plant perturbation due to system noise in the form of packet losses and disturbances, unknown loads and uncertain faults. The results illustrate that the proposed control technique provides robust control and achieve high performance against the number of loads, and faults of the perturbed microgrid.
The work is organised as follows. The model of a singlephase, three-phase, single source and three-phase multisource microgrid is presented in section II. Section III presents the design of a blended state estimated adaptive controller. The effectiveness of the algorithm is evaluated in section IV and, finally, the conclusion of the paper is presented section V.
II. DESIGN OF MICROGRID
The schematics of the microgrid system used in this study are shown in Fig. 2 . The primary units of a microgrid are the voltage source inverter (VSI), where the insulated-gatebipolar-transistor (IGBT) is used for switching; the LC filter; the transformer; and, finally, the load. The capacitor C t is used to reduce the load harmonics which is controlled by an internal oscillator at a fixed frequency ω 0 = 2πf . 
Hence
where,Î L ,V sw andV g indicates the inductor current, switching voltage and grid voltage respectively. Transforming (1) and (2) into laplace domain, we get:
sL t Product of supplied dc voltage and duty ratio generates the switching voltageV sw (s) as expressed in (3),
The grid voltage is obtained as
Here, current through the capacitor is represented byÎ C . The generalized state space representation is:
From (2) and (4),
B. THREE-PHASE SINGLE-SOURCE MICROGRID
A schematic of three phase single source microgrid is presented in Fig. 2(b) . The model equations are given as:
and
The equation (6) and (7) may be converted into dq frame as follows:
and From (8) and (9),
The parametric values of three phase single source microgrid is given in Table 1 . 
C. THREE-PHASE MULTI-SOURCE MICROGRID
A schematic of a three-phase multi-source microgrid is shown in Fig. 2 (c). Two DERs are connected by point of common coupling (PCC). The dynamics of the system may be written as follows: For DERx:
For DERy:
I ty,dq = −jω 0Ĩty,dq −(d yṼy,dq +R ty,dqĨty,dq −Ṽ ty,dq )/L ty (13) For line xy:
For line yx: (15) Using (10) to (15) , the continuous time state space representation for multi-DG based microgrid system is given as A and B, shown at the bottom of the next page, where,
The parametric values of three-phase multi-source smart grid is given in Table 2 .
III. UNSCENTED KALMAN FILTER ALGORITHM AND CONTROLLER DESIGN
A. UKF ALGORITHM Since the practical system involves non-linearities, estimation for the non linear system is must in many cases. Although EKF is the most popular method, it shows many limitations for non linear system (see Remark 1) . To overcome the limitations, UKF algorithm has been proposed. The implementation of unscented kalman filter for both open-loop and closed-loop system is illustrated in Fig. 3 (a) and 3(b) respectively. Here, w 1 , w 2 , . . . , w i represents the weighting matrix of the input noise, whereas, n 1 , n 2 , . . . , n j represents for measurement noise. UKF is a non-linear technique that uses sigma points and unscented transformation to calculate the mean and covariance of the parameter.
The principle of the UT is as follows: At first the sigma points are choosen from the input distribution. Then transform the sigma points through the non linear function to produce a new set of sigma points belonging to the output distribution. Compute the weighted mean and covariance of the transform sigma points.
Consider a discrete time nonlinear system where the state observation is described as follows:
Here, x( ) is the state vector, u( ) is the input matrix, w( ) is the process noise matrix and n( ) is the measurement noise matrix of the system. The algorithm of UKF is described as follows:
1) INITIALIZATION
The estimation ofx at a time step is represented byx . The general equations for the UKF estimationx and covariancē P are written as follows (At initial condition = 0):
This section describes how to calculate 2K + 1 weighted sigma points, where K denotes the dimension ofx . A matrix χ of 2K + 1 sigma vectors χ i are calculated as follows: (22) where, ( (K + λ)P( − 1)) i is the i th row of the square root matrix. These sigma vectors are propagated through the nonlinear functionȲ
The weights of the matrix W are calculated as follows:
where λ = α 2 (K +κ)−K is a scaling parameter, α determines the spread of the sigma points around the mean state value and is usually kept to a small positive value, κ is a secondary scaling parameter that is kept to zero, β incorporates the prior knowledge of the distribution and the optimal value of β is 2.
Hence the sigma vector is:
To propagate the state from time ( − 1) to time , unscented transform is applied using the current best guess for mean and covariance. The posterior meanx and covarianceP x are determined as follows:
The approximated covariance calculated by using posterior mean and weighted matrices are given as follows:
The innovation covariance (P yy ) and cross covariance (P xy ) matrices are calculated to obtain the kalman gain (K ) that is used to calculate the corrected mean and covariance. 
Using the above innovation covariance and cross covariance, the kalman gain (K ) is calculated as follows:
Using the equations (37) and (38) the actual distribution function for nonlinear system can be obtained.
B. CONTROLLER DESIGN
The innovation and design procedures of a multi-operating model-reference based modified-adaptive PID controller for microgrid voltage and current regulation are carried out in this section. Fig. 4 shows the basic structure of the control scheme. A collection of adaptable parameters form the basic structure of the controller. These adaptable parameters play a vital role in the tracking of plant model output close to the reference model output.
The composition of the controller is based on four components: 1. reference model; 2. control section; 3. plant; and 4. adaptive mechanism. The reference model is an important part of this scheme, ensuring the high tracking display of the controller, and hence, it is selected in a way that generates the desired trajectory signal. The control unit is a collection of adaptable parameters and in this paper, parameter ϑ, which is adaptation gain dependent, is employed to generate the control action. The control action is generated from the control unit by comparing the input and output of the plant, with the assistance of adaptation gain.
Another important part of the scheme is the adaptive mechanism. This is used to ensure the high tracking of the ideal plant with respect to the reference model. This mechanism may be evaluated using numerous rules, such as the MIT rule, Lyapunov theory, augmented error theory, etc. In this study, the MIT rule is considered for the evaluation of the adaptive mechanism.
The tracking error ( 
The controller is designed for a closed-loop system for plant response adjustment close to the reference signal against the unknown parameters. Using (39), the cost function j(ϑ) is calculated as follows where j is a here parameter ϑ is determined in a manner that the cost function is minimized to zero. It is done by taking the change in ϑ as directly proportional to the change in the negative slope of j.
where δ • e δϑ is a coefficient term and is named as derivative of sensitivity. The interconnection among cost function and derivative of ϑ is referred to as the MIT rule. The adjustable controller gain is determined by a positive amount of γ .
where sign( With the inclusion of MIT law, a second order system is considered to evaluate the effectiveness of the technique. In the control unit, a PID controller is integrated and the transfer function of this is given as follows:
The transient response is improved by the proportional gain (k p ), steady-state error is reduced by the integral gain (k i ), and the system's overshoot is reduced by the derivative gain (k d .). In this study, controller gain k p , k i and k d is considered as 135, 12 and 2 respectively and they are governed using trial-and-error technique. To assure high robustness, efficiency, and tracking performance, another gain called adaptation gain (γ ), deduced in (47), is determined as 0.001.
C. STABILITY ANALYSIS
The theoretical stability analysis for the proposed controller using the Lyapunov theory is described in this section. Fig. 5 represents the schematic diagram of the model reference adaptive control system. Let, for a model reference modified adaptive PID controller, the control law be- 
The integral state for integral action is taken asẋ I = x p +u c . Hence, the closed-loop system is,
Applying additional matching condition: Putting the value of M , x p and B m , we get,
Here, the plant state is denoted by x p and adaptation gain matrix is denoted by which is positive definite and signify the stability of the closed loop system.
IV. PERFORMANCE EVALUATION A. UNSCENTED KALMAN FILTER PERFORMANCE
The performance of the proposed estimator is given here. The evaluation is done for the single-phase, three-phase singlesource and three-phase, multi source microgrid system. The investigation was performed using MATLAB / Simulation software. The simulation outcomes proof that the proposed UKF estimator has the ability to reduce the disturbances from the system, as well as providing a better estimation when compared with the EKF.
1) UKF PERFORMANCE FOR A SINGLE-PHASE SINGLE-SOURCE MICROGRID
The UKF is designed for both voltage and current estimation in a single-phase microgrid system. The voltage estimation for the grid is shown in Fig. 6 (a) and the inductor current estimation is shown in Fig. 6(b) . From this figure, it is seen that the UKF estimator has the ability to reduce the amount of noise present in the system and provides the estimation close to the true state of the microgrid system. A comparative analysis between the UKF and EKF is presented in Fig. 7 (a) and 7(b). This figure ensures a better estimation results of the novel UKF estimator better than the EKF. The error produced by these two filters is also shown in Fig. 7 (c) and 7(d), and from this figure it is observed the amount of error produced by the UKF is much lower than that of the EKF, making the UKF more favorable. Quantitative measurement of the rms error produced by the UKF and EKF for a single-phase system is illustrated in Table 3 . 
2) UKF PERFORMANCE FOR THREE-PHASE SINGLE-SOURCE MICROGRID
In this portion, the state estimation of the three-phase singlesource microgrid using the UKF algorithm is presented. The corresponding dq components of grid voltage and current arẽ V d ,Ṽ q ,Ĩ t,d andĨ t,q all of which make up the respective states of the system. The corresponding estimation of these states is given in Fig. 8(a) to 8(d) . From the figure, the proposed algorithm is also capable of minimizing the noise and giving a reliable estimation with respect to the true state. The results of the novel UKF algorithm are then compared with the EKF and presented in Fig. 9 (a) to 9(d). From this figure, the UKF algorithm is seen to provide a better estimation compared with the EKF algorithm. From Fig. 10 , it can also be seen that the use of the UKF results in a lower-estimation error compared with the EKF. Accordingly, a comparative analysis of the rms error generated through the use of the UKF and EKF is presented in Table 4 .
3) UKF PERFORMANCE FOR THREE-PHASE MULTI SOURCE MICROGRID
In this section the performance of the proposed UKF algorithm has been figured out for multiple energy sources. To make the system two distributed energy resources are connected via point of common coupling. Using the proposed algorithm the d and q components of the corresponding voltage and current are estimated. The corresponding results have been presented in Fig. 11(a) to 11(f). From the simulation results it is seen that the estimated results are obtained from disturbances signals which are closed to the true state. Here, Table 5 also shows the comparative error results between UKF and EKF filter that results claim that the proposed UKF algorithm provides better tracking performance compare with the EKF algorithm.
B. FAULT ANALYSIS
The performance of a microgrid system depends largely on various factors. Deviation in these factors can cause a system to malfunction. Due to such a malfunctioning, a faulty condition can appear in the system at any time. Therefore, it is clear that a novel estimator should estimate the faulty condition that may appear in the system. It is necessary to estimate such a fault in order to provide the signal necessary for the control unit to take the primary initiatives in overcoming this condition. The novelty of the proposed UKF algorithm for the fault condition is justified in this section. The analysis was performed for a single-phase, three-phase single-source and three-phase multi-source microgrid system. To substantiate these criteria, the fault condition was applied in the system and the voltage and current deviation during the fault was measured. The effectiveness of the filter is shown in Fig. 12(a), 12(b) , and 12(c), respectively, for the fault voltage condition against the single-phase, threephase single-source, and three-phase multi-source microgrid system. The performance of the UKF filter against the current fault condition is shown in Fig. 12(d) , 12(e) and 12(f), respec- tively. From these figures, it is observed that the UKF filter has the ability to estimate the true state in a fault condition, making the use of this filter a superior method.
C. CONTROLLER PERFORMANCE AGAINST SINGLE-PHASE MICROGRID SYSTEM
An adaptive PID controller was blended into the system to control its voltage and current. The controller performance was then measured against the number of loads, such as a consumer, harmonic, asynchronous-machine and dynamic load. A schematic diagram of these loads is presented in Fig. 13 (a) to 13(d), respectively. The results obtained from the investigation are presented in the following section. The results demonstrate the capability of the novel controller to provide a higher-tracking performance with the inclusion of the proposed UKF estimating filter when compared with no filtering method integrated into the system.
1) UNDER SINGLE-PHASE CONSUMER LOAD
A circuit diagram of a single-phase consumer load is shown in Fig. 13(a) . DC 300 V is considered the supply voltage while the capacitance and inductance are taken as C = 15 µF and L = 2 mH , respectively. The line resistance is chosen as 0.45 and the load resistance as 40 . The proposed method's performance against the consumer load to control voltage and current is illustrated in Fig. 14(a) and 14(e) , respectively. The novelty of the controller is compared upon the inclusion of the filter. Using the same value as the controller parameter, the performance is measured once without the integration of the UKF and once with it in a noisy system. From the simulation results, the controller is shown to provide better voltage and currenttracking when integrated with the proposed UKF compared with the use of the controller without the filter.
2) UNDER SINGLE-PHASE HARMONIC LOAD
A diagram of a single phase harmonic load is shown in Fig. 13(b) . Appliances such as a television, printer, fluorescent light, computer, transistor, and rectifier serve as nonlinear loads that create voltage and current harmonics in a power system. The use of these loads is increasing on a daily basis. The harmonics generated by these loads cause overheating of the power-system equipment. Connected to the system in a parallel manner, a 7A current source with a frequency of 150 Hz is considered the harmonic load. The performance against this harmonic load for the voltage and current control is shown in Fig. 14(b) and 14(f), respectively. From these figures, the controller is shown to provide a bettertracking performance when integrated with the UKF. The filter eliminates noise from the system and generates a better signal in terms of the controller and, therefore, the controller is then able to produce a reliable performance against a noisy system.
3) UNDER SINGLE-PHASE ASYNCHRONOUS MACHINE LOAD
A schematic of a single-phase asynchronous machine load is shown in Fig. 13(c) where an induction motor is taken as the load and connected in a parallel manner to the grid. Containing a zero steady state condition, it is modeled as a dq stator reference frame. The active and reactive power of the asynchronous-machine load changes continuously while it is running. Changes the power of the load affects the power of the system, causing the grid to perform poorly. The novel method promotes the tracking activity of the system by lessening the voltage and current oscillation. The novelty of the controller in terms of the voltage and current control is compared with the integration of the UKF in the system and the results are shown in Fig. 14(c) and 14(g) , respectively. From the figures, it is evident the controller alone is not efficient enough to produce a reliable tracking performance by reducing the noise.. However, it exhibits a much better tracking performance in a noisy system when the UKF is also included. The filter helps to estimate the true state with respect to the controller and, therefore, the controller is capable of producing improved tracking performance.
4) UNDER SINGLE-PHASE DYNAMIC LOAD
A dynamic load is used in the microgrid system to investigate the novelty of the controller (see diagram in Fig. 13(d) ). The load is designed with a current source that possesses active and reactive power at 50 MW and 25 MW, respectively. Variation in this active and reactive power in the voltage of the system considerably affects the performance of the microgrid. The novelty of the controller against the dynamic load is measured in this section and the simulation results for the voltage and current control are shown in Fig. 14(d) and 14(h) , respectively. The performance is compared to the integration of the UKF into the system. From these figures, the controller is shown to provide a better tracking performance in a noisy system when the UKF is integrated.
D. CONTROLLER PERFORMANCE AGAINST THREE-PHASE SINGLE-SOURCE MICROGRID SYSTEM
An increase in a subsystem of the microgrid diminishes its performance. Each subsystem comprises different types of energy sources that increase the controlling parameter of the system. Consequently, controlling the three-phase system is much more challenging when compared to a single-phase system. The performance of the controller with the integration of the UKF against the three-phase system is investigated in this section. A schematic of the different types of three-phase loads is presented in Fig. 15 . The results of the investigation are outlined in the following section. From these, it is clear that the controller provides a reliable performance when it is included with the UKF. 
1) UNDER THREE-PHASE SINGLE-SOURCE CONSUMER LOAD
To investigate the novelty of the controller for a threephase system, a three-phase consumer load is modeled, as shown in Fig. 15(a) . The initial reference voltage is taken as V d = 0.8pu and V q = 0.6pu. The performance of the controller against a three-phase consumer load is measured in this section and the results of the simulation are detailed in Fig. 16 (a) and 16(b) in terms of voltage and current control respectively. The novelty of the controller is also compared with the inclusion of the UKF in a noisy system. From these figures, the controller is shown to provide better control of the dq components of the voltage and current when the UKF is integrated. 
2) UNDER THREE-PHASE SINGLE-SOURCE UNKNOWN LOAD
A three-phase unknown load is modeled and presented in Fig. 15(b) to measure how reliable the novelty of the controller is. The load comprises resistance, inductance, capacitance and a switch. The inclusion of this load changes the voltage and current of the system, as the activation of the switch modifies the parameter of the load, in turn changing the instantaneous voltage and current. The effectiveness of the controller over the unknown load is presented in Fig. 16 (c) and 16(d) .
The corresponding dq components of the voltage and current are controlled by the controller with the integration of the UKF. From the comparative analysis presented in the given figure, the controller is shown to achieve improved control of the voltage and current when it is integrated with the UKF.
3) UNDER THREE-PHASE SINGLE-SOURCE NONLINEAR LOAD
The novelty of the controller against a three phase nonlinear load is shown in this section, as shown in Fig. 15(c) . The load consists of a six-pulse diode bridge rectifier which is connected in a parallel manner with the grid. The results of the controller against this nonlinear load are evaluated in this section and presented in Fig. 17 (a) and 17(b) . From these figures, the controller is shown to be ineffective in reducing the noise in the system and in providing reliable control over the voltage and current components. However, when the filter is integrated into the system, the effectiveness of the controller increases, as the UKF helps to achieve the true state of the system requiring control. 
4) UNDER THREE-PHASE SINGLE-SOURCE BALANCE LOAD
A schematic diagram of a three-phase balanced load is given in Fig. 15(d) . This section shows the novelty of the controller against balanced load. The load is modeled using a resistive load with the active power of 3 kW and a nominal phaseto-phase voltage of 60 V . The dq components of the voltage and the current of the load are controlled and the results are presented in Fig. 17 (c) and 17(d) . The performance of the controller is evaluated once without the inclusion of the UKF and once with it. From Fig. 17 , the controller is shown to provide better control over the system when the UKF is used compared to without it.
E. CONTROLLER PERFORMANCE AGAINST THREE-PHASE MULTI-SOURCE MICROGRID SYSTEM
As the number of energy sources increases, the controlling of microgrid becomes more daunting. That's why controlling the three phase multi DGs based microgrid system is more complicated than three phase single source microgrid system. The novelty of the controller with the integration of the UKF filter in three phase multi DGs based microgrid system is investigated in this section against different types of loads. The following section presents the obtained results of the investigation that ensures that the proposed controller included with the UKF provides reliable performance.
1) UNDER THE THREE-PHASE MULTI-SOURCE CONSUMER LOAD
For a three-phase multi DGs based MG system, a three phase consumer load is modeled as shown in Fig. 15(a) to investigate the performance of the controller. Here the reference voltages V d and V q are taken as initially 0.8 and 0.6 respectively. The novelty of the controller is evaluated in this section against three phase consumer load and the simulation results are shown in Fig.18 (a) and 18(e). From the figure, it is seen that the controller with a filter provides better control of the dq components for the voltage and current.
2) UNDER THREE-PHASE MULTI-SOURCE UNKNOWN LOAD Fig. 15(b) represents the model of a three-phase unknown load that is used to check the novelty of the controller for the unknown condition. For the unknown load basically resistance, capacitance, inductance and switch are used. The voltage and current of the system changes due to the activation of the switch that changes the parameter of the load. The effectiveness of the controller over the unknown load is presented in Fig. 18(b) and 18(f). The voltage and current corresponding the dq components are controlled by the controller which is integrated with the UKF filter. From the figure it is seen that the integration of UKF with the controller provides better tracking of voltage and current.
3) UNDER THREE-PHASE MULTI-SOURCE NONLINEAR LOAD
The effectiveness of the novel controller against three phase nonlinear load is shown in this section which is modeled as shown in Fig. 15(c) . The six pulse diode bridge is used to model the nonlinear load which is connected in parallel with the grid. The novelty of the controller is evaluated in this section against nonlinear load and the result is presented in Fig. 18 (c) and 18(g). It is shown in the figure, the controller is not capable of reducing noise from the system and to generate a reliable state. But the integration of the filter with the controller creates the ability of the controller to reduce the noise from the signals and generates a reliable state of the system that has to be controlled. Fig. 15(d) shows the schematic diagram of the three phase balanced load. The effectiveness of the controller is evaluated for balance load. A resistive load with the active power of 3 kW and nominal phase to phase voltage of 60 V are used to model the load. The dq components of the voltage and current of the load are controlled. The obtained results are shown in Fig. 18(d) and 18(h) . The performance of the UKF algorithm is evaluated both integrated controller and without integrating controller. It is seen that when the controller is added to the system with the UKF algorithm then better results are obtained.
4) UNDER THREE-PHASE MULTI-SOURCE BALANCE LOAD

F. COMPARATIVE PERFORMANCE ANALYSIS AMONG DIFFERENT CONTROLLERS
In order to verify the superior performance of the proposed controller, its performance is compared with linear quadratic regulator (LQR) and linear quadratic gaussian (LQG) controller. The obtained results are described in Fig. 19 (a) to 19(d) for consumer, harmonic, asynchronous machine, and dynamic load, respectively. From these figures, it is evident that the proposed controller shows better tracking performance with compared to the linear quadratic regulator and linear quadratic gaussian controller. A quantitative comparison of these controllers are presented in Table 6 from which it is also obvious that the proposed controller generates less error with compared to LQR and LQG controller that assures high performance of it.
G. ROBUSTNESS ANALYSIS
In order to show the robustness of the proposed control technique, several filter capacitor values for single DG singlephase microgrid were taken and the performance of the controller against such values was measured. As shown in Fig. 20 , it is seen that controller performance remains stable and accurate to the reference with the change in plant dynamics that ensures the performance robustness and stability of the controller against changes in plant dynamics.
H. DISCUSSION AND ACHIEVEMENTS
The proposed blended state estimated adaptive controller is investigated against the number of load dynamics. A change in load dynamics creates an unknown environment, ultimately causing poor performance of the system. In this work, we present the design of a novel blended state estimated adaptive control technique that firstly estimates the true state of the microgrid at noisy situations and provides extensive control of voltage and current for such variations of load dynamics. The results given in the figures demonstrate the robust performance of the controller with the inclusion of the UKF in the system. The UKF provides the state of the system closest to the true state, helping the controller to achieve better tracking of the voltage and current for both single and three-phase microgrid systems. The effectiveness of the proposed controller is also evaluated against different load dynamics and controllers. For the consumer load the proposed controller generates 2.53 error voltage where the LQR and the LQG controller generate 23.2 and 11.2 error voltage respectively. The error voltages for harmonic load, asynchronous machine load and dynamic load are shown in Table 6 . From these error voltages it is concluded that the proposed controller is more effective than LQR and LQG controller.
V. CONCLUSION
A novel blended state estimated adaptive controller is designed in this paper to improve the high performance control of voltage and current for multi DG islanded microgrid against unknown loads and faults. The problem statement of voltage and current control of microgrid has been extended to incorporate the effect of system noise in the form of packet losses and disturbances. The controller was developed for single-phase, three-phase single-source and three-phase multi-source microgrid and the performance was compared with the LQR and LQG controller. The results validate the use of the proposed method ensures the accuracy of state estimation as well as the voltage and current control of the system. The performance of the controller was simulated against a number of load dynamics for both single and three-phase systems. The results show the controller provides a more reliable performance as compared with LQR and LQG controller for different load dynamics to ensure the extensive performance of it. The future research direction of this study maybe extended to the estimation of the state and control of voltage, current, and power of the microgrid integrating with the main grid as well as balancing the frequency of the system.
